Objective To investigate whether retained placenta in the first generation is associated with an increased risk of retained placenta in the second generation.
Introduction
Retained placenta is an obstetric complication occurring in approximately 3% of deliveries and associated with severe postpartum haemorrhage (PPH). [1] [2] [3] There is no certain preventative or non-invasive treatment for this disorder. 4 Retained placenta is epidemiologically associated with other placentation disorders such as recurrent miscarriages, preeclampsia, fetal growth restriction, preterm birth and stillbirth. [5] [6] [7] [8] [9] As in these disorders, retained placenta incurs an increased risk of recurrence in subsequent pregnancies. [10] [11] [12] [13] Many of these placental disorders are partly due to a genetic predisposition. [14] [15] [16] [17] [18] Whether retained placenta also has a hereditary component has not been fully investigated. A recent study estimated that 18% of the occurrence of postpartum haemorrhage could be explained by maternal genetic factors and that family-clustering in the same generation was strongest when the haemorrhage was attributed to retained placenta. 19 The objective of this study was to investigate the inherited risk of retained placenta. In a population-based cohort of two generations we estimated the association between retained placenta in the first generation and retained placenta in the second generation on both the maternal and paternal side.
Methods
The Swedish National Board of Health and Welfare gave access to information from the Swedish Medical Birth Register and Statistics Sweden provided data from the Multi-generation Register and the Education Register. Individual record linkage between the registries was possible through each individual's unique personal registration number, which is assigned to Swedish residents at birth or immigration. 20 The Swedish Medical Birth Register is a nationwide database that includes information on 98% of live births from 22 completed gestational weeks from 1973. 21 Stillbirths have been included in the Register from 22 completed gestational weeks since 2008 and from 28 weeks before that year. The Register includes demographic data, information on reproductive history, and complications that occur during pregnancy, delivery and the neonatal period. Data are forwarded to the Birth Register through standardised antenatal, obstetric and paediatric records. In Sweden, 99.7% of births take place in public hospitals, antenatal and obstetric care is free of charge and management routines are standardised. 22 Active management of the third stage of labour with administration of oxytocin after delivery has been generally practiced since 2001 but was widely used before this. 23 The Multi-generation Register contains data on birth, death, name change, marital status, family relationships and migration to, from and within Sweden. 24 
Study population
There were 1 184 691 unique women in the Birth Register registered as having singleton births between 1992 and 2012 (second generation). Among those, we identified 731 903 women where we also had information from their own births in 1973 or later (first generation). The remaining women were either themselves born before 1973 or born outside Sweden. From both generations, we excluded pregnancies complicated by placental abruption (n = 1214), births by caesarean section (n = 184 833) and births of infants with any malformations recorded in the Medical Birth Register (n = 50 874), diagnostic codes are provided in the Supporting information (Appendix S1). In the second generation, we excluded 982 births (0.2%) before 1992 because body mass index-an anticipated, but upon analysis not significant, confounding factor-was registered in medical records only from this year. The final study group consisted of 494 000 second-generation births each with linked data on the mother's birth (mother's index birth) in the first generation (see Supporting information, Figure S1 ). The fathers of the second-generation births were identified through linkage of the Birth Register to the Multi-generation Register. If the father had been born in Sweden in 1973 or later, we obtained information on his mother's pregnancy and delivery from the Birth Register. We identified information on the births of 292 897 fathers. In this article 'Second-generation birth' refers to a birth between 1992 and 2012 for which there is a registered corresponding birth of the mother and/or father in the first generation. 'Index birth' refers to the respective birth of the mother or father in the first generation. 'Birth other than index birth' refers to the birth of a sibling to the index birth (first generation).
Outcome
Our outcome was a diagnosis of retained placenta in the second generation. Retained placenta was defined according to the Ninth (1987 Ninth ( -1996 or Tenth (1997-2012) version of the International Classification of Diseases (ICD-9 and ICD-10; see Supporting information, see Appendix S1). According to these diagnostic codes retained placenta is defined as the absence of complete placental release within 30 minutes of delivery.
Exposures
Our main exposure was retained placenta at the mother's or father's own birth (index birth, first generation) defined according to the ICD-8 (1973 ICD-8 ( -1986 or ICD-9 codes (see Supporting information, Appendix S1). A history of retained placenta at a sibling birth in the first generation was assigned if one of the relevant diagnostic codes was recorded in the Birth Register at an earlier or later birth from the same woman (maternal or paternal grandmother).
Covariates
Information of maternal characteristics and obstetric history, including maternal age, smoking habits, parity, previous miscarriages, height and weight are routine data collected in standardised antenatal records and forwarded to the Birth Register. Pregnancy-related conditions and interventions during labour and delivery were identified and defined according to their ICD-8, ICD-9 or ICD-10 diagnostic codes or Nordic Classification of Interventions in Health Care diagnostic codes. Maternal height registered as >200 cm or <100 cm was defined as misclassified. Smallfor-gestational-age (SGA) birth was used as a proxy for fetal growth restriction. An SGA birth was defined as a birth with birthweight more than two standard deviations below the mean weight for gestational age according to the Swedish sex-specific fetal growth curve. 25 Ultrasound for assessment of gestational age in the early second trimester was gradually introduced in Sweden from 1973, was offered to all pregnant women by 1992 and is now performed in over 97% of pregnancies. 26 Gestational age was in this study determined based on ultrasound assessment and, when this was not performed, according to last menstrual period.
Statistical analysis
We estimated the association between retained placenta in the first and second generations by calculating odds ratios (OR) with 95% confidence intervals (95% CI) using unconditional logistic regression analysis. Inherited risk was analysed first on the maternal side and then on the paternal side. We assessed risk of retained placenta in the second generation according to whether retained placenta occurred in the first generation at the index birth, at a birth other than the index birth (i.e. the birth of a sibling), or at both, on the maternal and paternal side, respectively. The reference group was births without retained placenta in the first generation at the index or sibling birth in the first generation. A schematic overview of the associations tested between generations is presented in the Supporting information ( Figure S2 ).
In the first model (Model 1), we adjusted for factors that were significantly associated with risk of retained placenta in the second generation in the univariate analysis: maternal age, maternal height, parity, previous miscarriage, gestational age and year of delivery. In the second model (Model 2), we additionally adjusted for delivery and pregnancy-related confounders in the second generation, also significant in the univariate analysis, including those relating to placental function such as pre-eclampsia, prelabour rupture of membranes, weight for gestational age and stillbirth. Births with missing data on covariates were excluded from the analysis.
In a stratified subanalysis we determined the association between retained placenta in the first and second generation according to whether the births in both generations occurred at term (≥37 weeks of gestation) or preterm (<37 weeks of gestation). To compensate for the limited sample size in the preterm subanalysis, the exposure retained placenta was in both these models categorised as retained placenta at any birth (index birth or other birth) versus at no birth (reference group). The number of preterm births only justified analysis of retained placenta on the maternal side in the first generation. Adjustments for confounders according to models 1 and 2 were also made in these stratified analyses but precedence was given to the unadjusted risk analysis of the preterm cohort because of the small number of observations here. SAS version 9.3 (SAS Institute, Inc., Cary, NC, USA) was used for data analysis.
Results
The rate of retained placenta was 3.2% in second-generation births and 2.4% and 2.1% in the first-generation (index births of mothers and fathers, respectively). In the preterm cohort (births <37 weeks of gestation) the rates of retained placenta were 5.4% in second-generation births and 4.2% in the mother's index birth.
Background and delivery-related variables in the second generation, associated rates and adjusted risks of retained placenta are presented in Tables 1 and 2 . Increasing maternal age, lower parity, a history of recurrent miscarriages, decreasing gestational age, prelabour rupture of membranes, pre-eclampsia, birth by vacuum extraction, SGA birth and large-for-gestational-age birth, and stillbirth in the second generation were all associated with increased risks of retained placenta in the adjusted analysis.
Compared with births in the first generation without retained placenta or history of retained placenta at a sibling birth, mothers born in a pregnancy complicated by retained placenta (retained placenta at index birth) had an increased risk of retained placenta when giving birth The increased risk of retained placenta in the second generation was similarly strong when delivery of a sibling to the index birth was complicated by retained placenta (aOR 1.58, 95% CI 1.43-1.76; Table 3 ). If retained placenta occurred both at the index birth and another birth in the first generation, the risk was further increased (aOR 2.75, 95% CI 2.18-3.46; Table 3 ). Compared with second-generation births where the fathers were not born in a pregnancy complicated by a retained placenta and where there was no history of retained placenta at a sibling birth, fathers born in a pregnancy complicated by retained placenta had a slightly increased risk of fathering a pregnancy complicated by retained placenta (aOR 1.23, 95% CI 1.07-1.41; Table 3 ).
In the subanalysis of preterm births in both generations, the unadjusted and adjusted risks of retained placenta in the second generation were increased six-and nine-fold, respectively if retained placenta occurred at the index birth or at another birth in the first generation (OR 6.55, 95% CI 2.68-16.02 and aOR 9.78, 95% CI 3.52-27.16). In term births in both generations, the corresponding risk was substantially lower (aOR 1.70, 95% CI 1.59-1.83; Table 4 ).
The incidence among second-generation births of double heredity, i.e. a history of retained placenta at the birth of both the mother and father in the first generation, was 0.007%, an exposure group which was too small to permit a risk analysis.
Discussion

Main findings
This study showed that women born in a pregnancy complicated by retained placenta have an increased risk of retained placenta. A similarly increased risk was shown when retained placenta in the first generation occurred not at the birth of the mother but at the birth of one of her siblings. Recurrent retained placenta in the first generation incurred an even higher risk in the second generation. A woman whose partner's mother had retained placenta at his birth also had a slightly increased risk of retained placenta. In preterm births in both generations, the recurrent risk of retained placenta across generations was particularly high although the sample available for analysis means that these results should be interpreted with caution.
Strengths and weaknesses
The main strength of this study is its population-based design, large sample size and access to prospectively collected data over a time period sufficient to study a relatively rare complication to delivery over two generations.
Diagnostic accuracy in the Birth Register is likely to have improved over time, which means that our exposure (retained placenta in the first generation) may be underdiagnosed. The fact that the incidence of retained placenta is lower in the first generation compared with the second generation (2.4% compared with 3.2%) may either reflect an actual lower occurrence in earlier generations or a poorer recording of the disorder during the earlier time period. 27 Likewise, gestational age is likely to be somewhat less accurately determined in the earlier years of the study, as ultrasound-estimated gestational age was less common. The rate of preterm births in the study, 3.9% in the second PROM, prelabour rupture of membranes; AGA, SGA, LGA = average, small and large for gestational age, respectively, defined according to birthweight between, below and above two standard deviations of the mean weight for gestational age according to the Swedish sex-specific fetal growth curve. 25 generation and 3.4% and 3.9% in the first generation mother and father births, respectively, is somewhat lower than the average rate of preterm birth in Sweden, which has remained fairly constant at just over 4% since 1973. 28 This is probably explained by the fact that multiple births and caesarean sections, both more common in preterm deliveries, were excluded from the study group. However, both misclassification of study exposure and gestational age would most likely be nondifferential and, if anything, would dilute the risks obtained. *aOR1 (model 1) based on 469 645 mother births and 279 272 father births with complete data on all covariates, adjusts for maternal age, maternal height, previous miscarriage, parity, year of birth and gestational age in the second generation. **aOR2 (model 2) based on 468 655 mother births and 279 235 father births with complete data on all covariates, additionally adjusts for preeclampsia, prelabour rupture of membranes, vacuum extraction, birthweight for gestational age and stillbirth in the second generation.
Statistically significant values are indicated in bold. Table 4 . Risk of retained placenta in the second generation depending on retained placenta in first-generation term births (≥37 weeks of gestation, n = 456 729) and preterm births (<37 weeks of gestation, n = 1021) *aOR1 (model 1) based on 435 128 term births and 940 preterm births with complete data on all covariates, adjusts for maternal age, maternal height, previous miscarriage, parity, year of birth and gestational age in the second generation. **aOR2 (model 2) based on 434 395 term births and 929 preterm births with complete data on all covariates, additionally adjusts for preeclampsia, prelabour rupture of membranes, vacuum extraction, birthweight for gestational age and stillbirth in the second generation.
Statistically significant values are indicated in bold.
One possible limitation is the fact that we were unable to include mothers and fathers who were older than 40 years, because the Birth Register started in 1973 and our last year of follow-up evaluation was 2012. Given the association between higher maternal age and retained placenta this could theoretically result in an overall lower rate of retained placenta in the second generation. The 3.2% rate found was, however, comparable with other studies. 10, 12 Forty-one per cent of father births were unavailable in the data set because they were either born before 1973 or born outside Sweden. The sample size relevant to the analysis of the hereditary risk of retained placenta on the paternal side is therefore smaller which, particularly since the associated risk seems to be lower, reduces the power of the analysis. Likewise the sample of preterm births in the second generation where the mother was also born preterm (n = 1021) limits the extent to which the increased inherited risk of retained placenta in preterm births can be interpreted.
Interpretation
Our results indicate that there is an inherited risk of retained placenta between mothers and daughters, even if retained placenta does not occur at the birth of the woman inheriting the risk but at the birth of one of her siblings. The inherited risk further increases in daughters of mothers with recurrent retained placenta, which strengthens the validity of the found association. Fathers may also transmit an inherited risk of retained placenta. If their own birth was complicated by retained placenta there seems to be a slightly increased risk of retained placenta at the birth of their child. This finding suggests that the inherited risk of retained placenta between generations may partly act through placentation.
There is a risk of recurrence of PPH across consecutive pregnancies and the risk of repetition seems to be highest if the aetiology behind the haemorrhage is retained placenta. 13 PPH in a sibling is associated with increased risk of PPH and this risk is again highest for the aetiological subgroup retained placenta. 19 The occurrence of placental disorders such as preeclampsia and fetal growth restriction in one generation increases the risk of the same complication in the next generation. These risks are most evident on the maternal side, but weaker associations have also been shown on the paternal side. 29, 30 Maternal influence on inherited risk may be higher because the mother contributes not only half the alleles, but all of the mitochondria as well as the fetal environment. 31 The heritability associated with retained placenta in this study, including the pattern of maternal and paternal side risks, is therefore similar to that seen for preeclampsia and SGA births. 32, 33 Retained placenta is epidemiologically associated with these and other placental disorders and shares several of the same risk factors. 8 There may furthermore be biochemical and structural features in common between retained placenta and pre-eclamptic placentas. 34, 35 Preterm birth is a known risk factor for retained placenta, 5, 7, 8, 36 but does not explain why the risk of retained placenta across generations was substantially larger when analyses were restricted to only preterm births in first and second generation compared with first-and second-generation term births. It is possible that factors associated with preterm birth have an epigenetic effect on the genome of the infant, which carries forward as an increased risk of retained placenta in the next generation. It is also possible that retained placenta in preterm birth may in part be a different disorder from retained placenta in term births. Retained placenta in preterm births may hypothetically constitute a disorder with a larger genetic aetiological component, similar to early-onset pre-eclampsia. 30, 37 The sample available for this analysis was small, however, and findings have to be interpreted cautiously.
In epidemiological multigenerational studies, it is not possible to show genetic causation. Inherited risks may be due to shared environmental factors, some of which cannot be adjusted for, inherited genes or a combination of both. Previous studies have not shown any association between socio-economic level (where education level was used as a proxy) or body mass index (which may reflect common nutritional intake) and retained placenta. 8, 36 Smoking has in various studies been associated both with a marginally lower and marginally higher rate 8, 36 of retained placenta. We have adjusted for significant environmental factors in the second generation as well as characteristics (such as age at delivery, gestational age at delivery, prelabour rupture of membranes, birthweight and stillbirth) that may have both environmental and genetic aetiologies.
The hereditary risk of retained placenta across generations has to our knowledge not been previously studied. This disorder is emerging as one of the main causes of severe postpartum haemorrhage and near-miss maternal mortality. 1, 3 Our results indicate that awareness of family history with regard to this complication may be useful in identifying women at risk of postpartum haemorrhage.
Conclusions
The occurrence of retained placenta in one generation confers an inherited risk of retained placenta in the next generation. This inherited risk is stronger if retained placenta occurs on the maternal than the paternal side, if retained placenta was recurrent in the first generation, and if preterm birth occurs in both generations.
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